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CLAIMS 



[Claim(s)] 

[Claim 1] Steel for induction hardening from which the content of an alloy element is 3.42 <=Ti/N<=8.0 and which the ratio 
of the content of C:0.30 - 0.60%, Si:<=0.50%, Mn:0.20-2.0%, B:0.0005 - 0.0050%, N:<=0.020%, Ti<=0.1%, and Ti and N excels in 
the bending property characterized by consisting of the remainder Fe and an unescapable impurity by mass %. 
[Claim 2] Furthermore, steel for induction hardening which is characterized by containing 1 of nickel:<=1.50%. Mo:<=0.50%, 
V:<=0.50%. and Cr<=2.0% of sorts, and two sorts or more by mass % and which is excellent in a bending property according 
to claim 1. 

[Claim 3] Furthermore, claim 1 characterized by containing 1 of Nb:<=0.20%, Zr:<=0.10%, Ta:<=0.20%, and aluminum:<=0.10% 
of sorts, and two sorts or more by mass % or steel for induction hardening which is excellent in a bending property 
according to claim 2. 

[Claim 4] Furthermore, claim 1 characterized by containing 1 of S:<=0.20%. Pb:<=0.20%, Bi:<=0.20%, Te:<=0.10%. and 
calcium:<=0.05% of sorts, and two sorts or more by mass % t claim 2, or steel for induction hardening which is excellent in a 
bending property according to claim 3. 

[Claim 5] The content of an alloy element by mass % C:0.30 - 0.60%, Si:<=0.50%, Mn:0.20-2.0%, B:0.0005 - 0.0050%, The 
ratio of the content of N:<=0.020%, Ti<=0.1%, and Ti and N is 3.42 <=Ti/N<=8.0. It consists of the remainder Fe and an 
unescapable impurity, and is JIS. G t/r>=0.3 are materialized between efFective case depth t [ after the induction 
hardening tempering processing specified to 0559 ], components diameter, or thickness r. And the induction hardening 
components which are characterized by surface hardness being 600 or more Hvs and which are excellent in a bending 
property. 

[Claim 6] Furthermore, the induction hardening components which are excellent in the bending property characterized by 
containing 1 of nickel:<=1.50%, Mo:<=0.50%, V:<=0.50%, and Cr<=2.0% of sorts, and two sorts or more by mass % of excelling 
in a bending property according to claim 5. 

[Claim 7] Furthermore, claim 5 characterized by containing 1 of Nb:<=0.20%, Zr:<=0.10%. Ta:<=0.20%, and aluminum:<=0.10% 
of sorts, and two sorts or more by mass % or the induction hardening components which are excellent in a bending 
property according to claim 6. 

[Claim 8] Furthermore, claim 5 characterized by containing 1 of S:<=0.20%, Pb:<=0.20%, Bi:<=0.20%, Te:<=0.10%, and 
calcium:<=0.05% of sorts, and two sorts or more by mass %, claim 6. or the induction hardening components which are 
excellent in a bending property according to claim 7. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the induction hardening components using the induction hardening steel 
which is excellent in the bending property which is not damaged in brittleness even if a static or dynamically excessive 
load acts, and its steel materials about the steel materials and components with which perform induction hardening, such 
as a control actuator section article (steering rack), shafts for power transfer, and circumference components of an 
automobile guide peg, and a stereo is presented. 
[0002] 

[Description of the Prior Art] Conventionally, the carbon steel whose carbon content is 0.4% - about 0.5%, Cr-Mo steel, or 
the steel materials of which V addition was done has been used for the steel materials for induction hardening. For 
example, S45C or S48C is applied to the steering rack for automobiles, and after manufacturing components by machining 
etc., the reinforcement needed by performing induction hardening tempering processing has been obtained. Steering racks 
are components indispensable to a steering gear style, since it becomes impossible, and handle actuation may cause a 
accident resulting in injury or death when the worst when this component is damaged, it is specified as the important 
Safety Department article, and high dependability and a high strength property are demanded. Moreover, also when a load 
static [ the most important property required of a steering rack ] or dynamically excessive acts, it is not damaging in 
brittleness, and it is required by bending, even if an excessive load acts, and producing deformation that components 
should not carry out fracture separation completely. 

[0003] As for manufacture of a current steering rack, the process of rolled-steel -> hardening tempering processing -> 
machining -> induction hardening tempering processing -> finish-machining is applied. In order to avoid the above 
brittleness-destruction as much as possible, a rolled steel was not direct processed and induction hardening processed, 
the toughness of a material was raised by performing hardening tempering processing, and brittleness-destruction is 
prevented by performing the components processing and induction hardening processing after that 
[0004] However, the further improvement in on the strength is demanded also of the steering rack by loading of a high 
power engine in recent years etc., and development of the steel materials which attain this is desired. In addition, since 
hardening tempering processing is applied, while producing the fall of productivity, in order to cause the rise of a 
manufacturing cost the present production process requires development of the steel materials which can prevent 
brittleness-destruction again, even if it omits hardening tempering processing. Moreover, also in induction hardening 
processing, if latter tempering processing is omissible, reduction of a manufacturing/cost is enabled and development of 
the ingredient which can respond to these is desired. 
[0005] 

[Problem(s) to be Solved by the Invention] In the components with which induction hardening processings, such as a 
steering rack, are performed to this invention It is in offering the steel for induction hardening which can prevent fracture 
by carrying out bending deformation, without producing brittlen ess-fracture even if an excessive load acts on components, 
and induction hardening components. Furthermore, the hardening tempering processing currently carried out from the 
former, Or even if it omits the tempering processing after induction hardening processing, it aims at aiming at reduction of 
a manufacturing cost by offering the manufacture approach of the steel for induction hardening, and induction hardening 
components that an equivalent strength property can be acquired. 
[0006] 

[Means for Solving the Problem] This invention found out that it was effective to make B contain, in order to prevent 
destruction by generating and carrying out bending deformation of the brittle fracture for solution of the above-mentioned 
technical problem even if an excessive load acts. Moreover, it found out that this effectiveness was improved further by 
making Mn, Cr, nickel, Mo, etc. contain. Furthermore, in relation with effective case depth t, components radius, or 
thickness r obtained by induction hardening tempering processing, when t/r set to 0.3 or more and surface hardness set to 
600HV, it found out that the components used by the former carrying out hardening tempering processing and the 
reinforcement more than equivalent were obtained. 

[0007] The content of an alloy element is mass %, the ratio of the content of C:0.30 - 0.60%, Si:<=0.50%, Mn:0.20-2.0%, 
B:0.0005 - 0.0050%, N:<=0.020%, Ti<=0.1%, and Ti and N is 3.42 <=Ti/N<=8.0, and the steel for induction hardening which is 
excellent in the bending property by this invention consists of the remainder Fe and an unescapable impurity (claim 1). 
Furthermore, 1 of nickel:<=1.50%, Mo:<=0.50%, V:<=0.50%, and Cr<=2.0% of sorts and two sorts or more can be contained by 
mass % if needed (claim 2). Furthermore, 1 of Nb:<=0.20%, Zr:<=0.10%, Ta:<=0.20%, and aluminum:<=0.10% of sorts and two 
sorts or more can be contained by mass % if needed (claim 3). Furthermore, 1 of S:<=0.20%, Pb:<=0.20%, Bi:<=0.20%, 
Te:<=0.10%, and calcium:<=0.05% of sorts and two sorts or more can be contained by mass % if needed (claim 4). 
[0008] The induction hardening components which are excellent in the bending property by this invention The content of 
an alloy element by mass % C:0.30 - 0.60%, Si:<=0.50%, Mn:0.20-2.0%, B:0.0005 - 0.0050%, The ratio of the content of 
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N:<=0.020%. Ti<=0.1%. and Ti and N is 3.42 <=Ti/N<=8.0. It consists of the remainder Fe and an unescapable impurity, and is 
JIS. G t/r>=0.3 are materialized between effective case depth t, components diameter, or thickness r obtained by 
induction hardening tempering processing specified to 0559. And it is characterized by surface hardness being 600 or more 
HV (claim 5). Furthermore, 1 of nickel:<=1.50%. Mo:<=0.50%, V:<=0.50%, and Cr:<=2.0% of sorts and two sorts or more can be 
contained by mass % if needed (claim 6). Furthermore. 1 of Nb:<=0.20%. Zr<=0.10%, Ta:<=0.20%, and aluminum:<=0.10% of 
sorts and two sorts or more can be contained by mass % if needed (claim 7). Furthermore, 1 of S:<=0.20%. Pb:<=0.20%. 
Bi:<=0.20%, Te:<=0.10%, and calcium:<=0.05% of sorts and two sorts or more can be contained by mass % if needed (claim 
8). 

[0009] 

[Function] The reason for limitation of each alloy element is explained below. 

In order that C may obtain the reinforcement of steel materials and components C:0.30 to 0.60%, it is an indispensable 
element, and in order to perform induction hardening processing and to obtain 600 or more HV of surface hardness, it is 
required to make at least 0.30% contain. However, since it became remarkable crack generating it at the time of induction 
hardening while surface hardness is saturated even if it makes it contain exceeding 0.60%. the upper limit of C content was 
specified to 0.60%. 

[0010] Si: Although Si was added as a deoxidizer <=0.50%. since hot-working nature and machinability fell when it was 
made to contain exceeding 0.5%. the upper limit of Si content was specified to 0.50%. 

[001 1] Mn: It is the element which raises hardenability sharply, and in order to obtain a predetermined hardening layer in 
induction hardening processing, it is necessary to make at least 0.20% contain, although added as a deoxidizer like [ Mn ] Si 
0.20 to 2.0%. Moreover, in order that a bending property might improve with the increment in the amount of Mn, 0.5% or 
more was made to contain preferably, but since it would burn if it is made to contain exceeding 2.0%. and generating of a 
crack became remarkable, the upper limit of Mn content was specified to 2.0%. 

[0012] B:0.0005 - 0.0050%B is a very important element in this invention, and since it has the effectiveness of improving 
the bending property after induction hardening processing sharply in addition to the improvement effect of hardenability, it 
is added. In order to acquire this effectiveness, it was required to make B content into 0.0005% or more at least, and since 
crack generating at the time of hot working would become remarkable if it is made to contain exceeding 0.0050%, the upper 
limit of B content was specified to 0.0050%. 

[0013] N: Although N combined with B in steel <=0.020% and BN was generated, since hardenability and a bending property 
would fall if BN is generated, the upper limit of N content was specified to 0.020%. 

[0014] Ti: By Ti's carrying out a join to N in steel <=0.10%, and generating TiN. control that N combines with B, and add in 
order to maintain the effectiveness to the hardenability and the bending property of B. Under the present circumstances, 
an addition is determined according to the amount of N, and the addition of Ti needs to make at least 3.42 times as many 
Ti as this contain to the amount of N. However, since the effectiveness may have generated large-sized TiN and may have 
caused the fall of fatigue reinforcement while it is saturated even if it makes it contain exceeding 0.1%, the upper limit of Ti 
content was specified to 0.10%. 

[0015] the ratio of Ti and the amount of N — as mentioned above, in order to combine N in steel with Ti, it is necessary 
to make Ti/N or more into 3.42 at least When it is assumed that Ti and N combine this by 1 to 1. it is the value 
determined from the weight ratio of Ti and N. Moreover, when the amount of N is 0.01 5% or more, if the ratio of Ti and N is 
made high, large-sized TiN will be generated and a fatigue property will be degraded. Moreover, since the inclination would 
be notably accepted if set to Ti/N>8.0. the ratio of Ti/N was specified to 3.42 <=Ti/N<=8.0. 

[0016] When t, a components radius, or thickness was set to r for the effective case depth obtained after t/r>=0.3 
induction-hardening processing, it was checked that a bending property improves, so that t/r was large. However, since 
the improvement effect of a remarkable bending property was not acquired when t/r is smaller than 0.3. t/r was specified 
or more to 0.3. 

[001 7] In order for that it is important making an organization into uniform martensitic structure in order to raise the 
surface hardness bending property after induction hardening tempering processing to consider as uniform rope martensitic 
structure in the steel which is found out and contains 0.3 - 0.6% of C at the time of induction hardening, to set surface 
hardness to 600 or more HV is needed. Moreover, if surface hardness falls, in order to reduce abrasion resistance and a 
fatigue property in addition to degradation of a bending property, the surface hardness after induction hardening was 
specified to 600 or more HV. 

[0018] Since it has the effectiveness of raising a fatigue property and abrasion resistance, each element of nickel, Mo, V, 
and Cr can be added if needed, while having the effectiveness of raising the bending property after induction hardening 
processing. However, even if it makes it contain in large quantities, since the effectiveness is saturated and produces 
degradation of machinability, it can be added in nickel:<=1 .50%, Mo:<=0.50%, V:<=0.50%, and Cr:<=2.0%, respectively. 
[0019] Each element of Nb, Zr, Ta, and aluminum has the effectiveness of controlling austenite grain growth and 
maintaining crystal grain minutely, and since it contributes to an improvement of a bending property, it can add it if 
needed. However, if it is made to add in large quantities, in order to generate a large-sized crystallization object and to 
reduce a fatigue property and workability, the upper limit of each content was specified to Nb:<=0.20%. Zr<=0.10%, 
Ta:<=0.20%, and aluminum:<=0.10%. 

[0020] Each element of S, Pb, Bi, Te, and calcium is added in order to improve machinability. However, if it is made to 
contain in large quantities, in order to degrade a bending property, it specified to S:<=0.20%, Pb:<=0.20%, Bi:<=0.20%, 
Te:<=0.10%, and ca!cium:<=0.05%, respectively. 
[0021] 

[Example] The chemical entity of the steel materials by this invention and comparison steel is shown in Table 1. Each of 
these steel materials is ingoted by the conventional method, is hot-rolled by the billet after the dissolution / casting, and 
is rolled out by the steel bar with a diameter of 30mm after that. 
[0022] 
[Table 1] 
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[0023] evaluation of high-frequency-induction-hardening nature produced the with a diameter die length [ 200mm die 
length of 1 5mm ] cylindrical test piece for high-frequency-induction-hardening sex test by machining from rolled stock, 
performed induction hardening of cooling:water cooling for the frequency of 10kHz, the output of 55kW, and time 
amount1.5 seconds, and performed tempering processing of 2 hours at 150 degrees C next. Furthermore, it sets to the 
cross section of a test piece center section, and is JIS. G Based on 0559, effective case depth hardended by carburizing 
treatment was measured, and surface hardness was measured while asking for the ratio with a components radius. This 
measurement result is shown in Table 2. 
[0024] 
[Table 2] 
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6 5 8 
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0.2 5 




17 
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[0025] Induction hardening tempering processing of the same conditions was carried out to evaluation of a bending 
property using the same test piece as the test piece used for the above-mentioned induction hardening trial. In this test 
piece, the three-point bending test with a supporting-point spacing of 150mm was performed, and the maximum 
deformation to fracture was measured in the load load point of the center of the supporting point. In addition, the load rate 
performed two levels of static 0.01mm load for /, and a 50mm [/second ] (a part for 3000mm/) shocking load. In addition, 
the maximum deformation is measured with a dial gage. This measurement result is shown in Table 3. 
[0026] 
[Table 3] 
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[0027] High ^frequency- induction -hardening nature and a bending property were evaluated using the steering rack of a 
stereo. The production process of a steering rack omits rolled stock -> cutting -> machining -> induction hardening 
tempering or the tempering after induction hardening processing in invention steel, what manufactured the comparison 
article at the same process as the above — in addition, components manufacture was performed using the material which 
applied the same process as the former and performed hardening tempering processing after rolling. Respectively, the 
hardness property and bending property after induction hardening processing were evaluated, in addition, manufacture of a 
steering rack — setting — the hardening tempering conditions after rolling — hardening temperature:870 degree-C and 
maintenance: — 30-minute, cooling:water-cooling, tempering temperature:550 degree-C, and maintenance: — it is 
cooling:radiationnal cooling for 2 hours. Moreover, induction hardening conditions performed migration hardening of 
cooling:water cooling frequency:20kHz, output: 1 1 .5kW, and a passing speed:10mm/second. The tempering processing after 
induction hardening is cooling:radiationnal cooling temperature:1 60 degree C and maintenance^ o'clock. 
[0028] evaluation of the high-frequency-induction-hardening nature by the steering rack — JIS G the hardness 
measurement based on 0559 — 200mm location from an edge — the cross section hardness to kick was measured and it 
asked for the ratio of surface hardness, an effective case depth, and the components radius (thickness) r. Moreover, the 
three-point bending test with a supporting-point spacing of 300mm was performed in bending characterization, 0.01mm 
bending test by part 50mm/second for /in load rate was performed to it, and the amount of the maximum bending of a 
load point was measured. The result of the trial by the stereo article was shown in Table 4. 
[0029] 
[Table 4] 
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[0030] The surface hardness after induction hardening afterbaking return supports Table 2 well with C content so that it 
may be shown. In order for it not to come out to obtain the surface hardness of 600HV since C content is as low as 0.25% 
but for comparison steel No. 15 to obtain predetermined hardness, it understands that it is necessary to make C beyond 
this contain. Although invention steel No.1 has the amount of C close to 0.31% and a lower limit in order to suppose that it 
is possible to obtain the hardness of 600 or more HV, to be stabilized and to obtain the hardness of 600 or more HV. it is 
required to consider as 0.30% or more of the amount of C. Moreover, if ratio t/r of an effective case depth and a test 
piece radius is compared, even if all invention steel processes the same conditions to 0.3 or more being obtained, with 
comparison steel, an effective case depth will be shallow and predetermined t/r will be obtained by neither. Although 
comparison steel No.17 performed B addition, it is the example to which sufficient hardenability was not acquired since 
Ti/N was as low as 0.4, but the effective case depth became shallow. Thus, it is possible by containing predetermined B 
like invention steel and specifying the ratio of Ti and N to improve an effective case depth. 

[0031] Although the bending property of the test piece which carried out induction hardening tempering processing was 
shown in Table 3, when a load rate was slow, the deformation of invention steel of both in the case of being quick was 
larger, and excelling in the bending property was checked. It is further tended by adding elements, such as Cr, nickel, and 
Mo, moreover, to improve a bending property. Moreover, as indicated to Table 2, since the effective case depth of 
comparison steel is shallow and its t/r is small compared with development steel, the bending property is low. 
[0032] The results of an investigation of the induction hardening property by the stereo steering rack and a bending 
property were shown in Table 4. comparison steel No. — when manufacture conditions compare in the same ingredient like 
11 or 12, by carrying out hardening tempering processing of the rolled stock like before shows that a bending property 
improves. Moreover, the direction of a bending property which performed tempering processing after induction hardening is 
improving, although each invention steel carried out components manufacture, without carrying out hardening tempering 
processing after rolling, it was checked that the bending property which was markedly alike compared with the process 
article conventionally, and was excellent is shown. Moreover, although t/r does not fill 0.3 with comparison steel but the 
bending property is falling, the inclination for a bending property to improve is accepted, so that t/r is large. 
[0033] 

[Effect of the Invention] While it is possible for this invention to improve the reinforcement as induction hardening 
processing components according to the above example, the effectiveness on industries, such as improvement in the 
productivity by heat treatment abbreviation — the abbreviation of hardening tempering processing and the abbreviation of 
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the tempering processing after induction hardening are enabled — and energy saving, is very remarkable. 

[Translation done.] 
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